Average yields of upland rice are the lowest in Uganda, and most of the productivity gains attributed to improved varieties are related to increased area of production from clearing virgin lands for rice production. In a bid to optimize productivity, we compared the effect of four nitrogen fertilizer treatments: 0, 40, 80 and 120 kgN/ha and two variety types (ITAs (Oryza sativa) and NERICAs (New rice for Africa)) on grain yield and yield parameters in four locations. Combined analysis of variance revealed that nitrogen fertilizer increased mean grain yields from 2116-5200 kg/ha in the NERICAs and 2331-5100 kg/ha in the ITAs. In all the study areas, NERICA 4 and NARIC 2 outperformed NARIC 1 and NERICA 1, and yield trends were consistent over the years suggesting that the two varieties respond better to N fertilizer application. However, the productivity gains are probably related to genetic potential of the varieties rather than the N fertilizer effect, as reflected by the consistent relative performance between 0 N and other N rates. The heavier grains of NARIC 2 and NERICA 4 suggest greater dry matter accumulation before heading, as these varieties have a longer period of vegetative growth. The significant interaction of location x fertilizer and location x variety reveals the need for evaluating the nitrogen-supplying power of soils in the various cropping systems in the country.
Materials and Methods
Field experiments were conducted in 3 locations in Uganda: Iganga (Eastern), Masindi (Mid-Western) and Luweero (Central) during the year 2008 and 2009. All the experimental sites were typically upland rice production areas. One reference trial was established at the National Crops Resources Research Institute (NaCRRI), Namulonge. In all the locations, soil samples were collected from the trial plots before applying fertilizers and the samples were analyzed for soil nutrient status. The soil properties are briefly described in Table 1 . The experiment involved four released popular varieties, NARIC 1 (ITA 257), NARIC 2 (ITA 325), NERICA 4 and NERICA 1. Nitrogen fertilizer was applied in form of soluble urea at four nitrogen rates: 0 kgN, 40 kgN, 80 kgN and 120 kgN/ha in split doses at 21 (tiller initiation stage) and 49 (active tillering stage) days after emergence. A basal application of 20 kgP 2 O 5 /ha in form of triple super phosphate and 20 kgK 2 O/ha in form of Muriate of potash was done just before seeding to ensure that P and K were not limiting. The experiments were conducted in a split plot design, with nitrogen rates as main plots and varieties as sub plots. Three replications were established per location. Seeds were drill planted in furrows spaced at 30cm apart in randomized plots of 1.8 x 5 m size. Six rows were planted to each variety per plot and all plots received identical cultural treatments in terms of cultivation, seed rate (60 kg/ha) and pest management. Two middle rows in each plot were selected, and one meter from either side was randomly selected for recording plant height, tillers/m 2 and panicles/m 2 . At maturity, panicles were harvested from either side of the tagged row plants and data on grain number per panicle was recorded. Grain yield, ripening ratio and 1000 grain weight were recorded from the harvest obtained from the selected four middle rows and the yield was expressed as kg/ha. The data was analyzed statistically with Fishers' analysis of variance technique at 5% probability level, combined over the years. LSD values were calculated and used to compare treatment means. Simple correlation coefficients were calculated based on treatment means.
Results

Site Soil Analysis
Analysis of soil samples from experimental sites revealed variability in nutrient and organic matter content (Table 1) . Available N content was highest in Masindi followed by Namulonge. Lowest N content was recorded in Luweero and Iganga. Organic matter content was above the minimum requirement (>2%) in all the locations where the experiments were conducted. The P values recorded in the experimental sites were well above the critical soil levels (Mehlich-1 P <5-7 mg kg -1 P) for occurrence of P deficiency in uplands (Dobermann and Fairhurst, 2000) . Potassium content was also above the critical deficiency (<0.2me/100g) limits in all the locations. This suggests that nitrogen was the most limiting nutrient in all the locations.
Response of Varieties across Locations
Combined analysis of variance for grain yield and yield components are shown in Table 2 . Consecutive increase in N level significantly increased grain yield of all the rice varieties in all the locations with the highest grain yield obtained at 120 kgN ha -1 . Within each treatment, variety ranking in dry weight was similar to that for grain yield, and the results for the two years were consistent. For the location main effect, the highest grain yields occurred in Masindi and the lowest yields in Iganga (Table 3) . A similar pattern of N response was observed when combined analysis over locations and nitrogen fertilization was performed ( 
Grain Yield and Yield Component Response to N Application
With the exception of NARIC 2, NERICA 4 produced significantly the highest grain yield than other cultivars at 120 kgN/ha in all the locations (Table 6 ). However, percentage increase in grain yield due to nitrogen was larger for NERICA 1 (52.7%) than for NERICA 4 (49.8%), NARIC 2 (49.3%) and NARIC 1 (49.3%). Plotting the yield performance of the four cultivars against their mean yield in the 16 environments (4 fertilizer rates and 4 locations) showed insignificant difference among the cultivars in regard to nitrogen response ( Figure 5 ). However, significant differences were recorded in tiller and panicle production, and 1000 grain weight. NARIC 2 and NERICA 4 produced significantly higher number of tillers and panicles than NARIC 1 and NERICA 1. Application of 120 kgN/ha increased panicle number by 31.7% in NERICA 1, 30.6% in NERICA 4, 29.2% in NARIC 2 and 30.6% in NARIC 1. Tiller number increased by 48.0% in NERICA 1, 41.2% in NERICA 4, 41.4% in NARIC 2 and 46.8% in NARIC 1.
The number of spikelets per square meter (spikelet density) was significantly greater at 120 kgN/ha, and was one of the major contributors to the increased grain yield. Mean grains per panicle increased by 23.2% (averaged over locations and fertilizer levels), with the highest number obtained in NERICA 4 (113.1) followed by NARIC 2 (109.3). The 1000 grain weight was also significantly higher in NARIC 2 and NERICA 4 at 120 kgN/ha. The interaction pattern for 1000 grain weight was similar to that of the grain yield. The grain filling (ripening) ratio was not significantly different among varieties but there was a significant fertilizer x location and fertilizer x variety interactions in this aspect. Generally, the relationship in terms of response pattern between NARICs and NERICAs was relatively similar in all the traits measured.
Discussion
The two year experiments showed that nitrogen fertilizer application significantly increased rice yield, as has been reported previously (Yoshida, 1983; Pinheiro and de Castro, 2000; Wang et al., 2002; Saito et al., 2006; Haefele et al., 2008) . The mean grain yields increased from 2411 kg/ha with 0 N to 4842 kg/ha with 120 kgN/ha, suggesting that nitrogen fertilizer application is cardinal to increasing upland rice yields in Uganda. Grain yields continued to be linear at incremental rates of N fertilizer, suggesting that the present recommendation of 50 kgN/ha is insufficient for optimal upland rice productivity. In addition, the highest grain yields obtained at 120 kgN/ha compared to 40 kgN/ha showed that application of the latter is inadequate for optimum grain yield output. Conversely, there was no significant difference in grain yield between 80 kgN/ha and 120 kgN/ha in Masindi and Luweero, suggesting that the high organic matter content in the two locations significantly www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 6; 2012 contributed to the high response to nitrogen fertilizer application at 80 kgN/ha. Linquist and Sengxua, 2001 reported an increase in indigenous nitrogen supply by almost 10 kg/ha and yield by 0.77 t/ha when adequate soil organic matter is available, confirming the importance of organic matter in complementing inorganic fertilizer application in upland rice cultivation. NERICA 4 significantly outperformed other cultivars in 2009, when there was relatively less moisture (data not shown), suggesting that NERICA 4 is more efficient in N utilization under water limited conditions than other varieties. Increase in grain yields of NERICA 4 is not a deviation of genotypic differences in relation to varietal characteristics. This cultivar consistently produced higher yields even under no fertilizer suggesting genotypic based response vis-à-vis grain yield increase due to N fertilizer application. These observations are similar to those of Pinheiro and de Castro (2000) , in which upland rice yields of >5 t/ha with improved varieties have been reported in Brazil, and northern China (Wang et al., 2002) . Tiller and panicle number were significantly increased in all cultivars at 120 kgN/ha, and the trend was linearly related to grain yield. Studies by Yoshida et al., (1972) indicate that as the amount of nitrogen absorbed by the rice crop increases, there is an increase in the number of tillers and panicles per square meter. Across locations, NERICA 4 and NARIC 2 produced the highest number of tillers and panicles/m 2 suggesting that the two varieties are probably more efficient in nitrogen utilization than NARIC 1 and NERICA 1. However, the higher percentage increase in the number of tillers compared with the increase in the number of panicles suggests that there was a wasteful production of tillers. NERICA 1 was previously found to absorb greater amounts of N than the Japanese cultivars, a trait which is thought, probably, to contribute to the greater biomass production and sink formation in the NERICAs (Matsunami et al., 2009) . Conversely, NERICA 4 (a new ecotype) and NARIC 2 (Oryza sativa) both outperformed NERICA 1 suggesting that nitrogen use efficiency coupled with genetic potential contributed to their high productivity over NERICA 1. NERICA 4 also produced the highest number of grains per panicle when compared to the other varieties. Previous studies have shown that rice plants generally differentiate excess spikelets depending on the nitrogen uptake ability (Horie et al., 1997) , some varieties being efficient in this aspect than others. NARIC 2 recorded a significantly higher 1000 grain weight than the rest of the cultivars tested. The heavier grains relate to sink capacity and efficiency of assimilate partitioning to the grains thus contributing to the high grain yield. Among the yield components, tillers m -2 and panicles m -2 had highest correlations with grain yield (r = 0.90 for both traits) ( Table 7) . Earlier studies also reveal a consistently close relationship between grain yield and yield components with nitrogen fertilization (De Datta, 1989; Kirrilov and Pavlov, 1989; Indira, 2005) . This association is influenced by availability of nitrogen at critical stages of growth thus contributing to increased productivity. However, plant nitrogen utilization is associated with increased demand for P and K (Rajput et al., 1988; Dobermann and Fairhurst, 2000) . This study did not consider varying P and K as it is reported elsewhere (De Datta, 1989; Dobermann and Fairhurst, 2000; Aulakh and Malhi, 2004; Goulding et al., 2007) . This is the first study to detect variety differences in the upland rice yield response to nitrogen fertilizer application under Ugandan upland rice agro-ecological conditions. Further research on evaluating and mapping nitrogen-supplying power of soils in the various cropping systems in the country is needed for area or agro-ecology specific technology package recommendations. The significant interaction of location x fertilizer and location x variety attests to this need.
Conclusion
The current N recommendation for improved upland varieties in Uganda is 50 kgN/ha. This recommendation is based on economic aspects rather than experimental data. Thus, it hides the potential associated with N application. The present study showed that grain yield and yield components responded positively to increasing rates of nitrogen fertilization. Based on the data, 80 kgN/ha or 120 kgN/ha is appropriate recommendation to realize optimum rice yields. In all the study areas, NERICA 4 and NARIC 2 outperformed NERICA 1 and NARIC 1, and yield trends were consistent over the years suggesting that the two cultivars are productive under high nitrogen doses. However, the productivity gains are probably related to genetic potential of the varieties rather than the N fertilizer effect, as reflected by the consistent relative performance between 0 N and other N rates. The current rate of 120 kgN/ha also points to the fact that there is decreased soil fertility because of continuous soil mining due to limited land and limited fertilizer use. 
